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Background: The aim of our study was to assess the postoperative course of bilateral anterior sternothoracotomy
(BAT) in children with sarcoma metastases, in a curative care perspective.
Methods: We reviewed the records of seven patients younger than 18 years old, who underwent surgical procedures
for sarcoma metastasis to the lung between 2000 and 2012. We compared the postoperative course of the BAT group
with that of patients who underwent unilateral posterolateral thoracotomies (PLTs) for the same etiology.
Results: Of 17 surgical procedures, there were seven BAT and 10 unilateral PLT. Mean ages at the time of the
procedures were 12.9 ± 5.4 years old for BAT, and 17.4 ± 1.9 years old for PLT. Mean operative time was 173 ±
37 minutes in the BAT group, and 145 ± 39 minutes in the PLT group (P = 0.19). Patients received epidural analgesia in
all cases; this was for a mean time of 3.8 ± 1.3 days in the BAT group, and 3.21 ± 4 days in the PLT group (P = 0.36).
Chest tubes were removed after 3.6 ± 1.3 days in the BAT group, and 3 ± 1.2 days in the PLT group (P = 0.69). Total
hospital stay was 7.7 ± 6.6 days in the BAT group, and 7 ± 1.2 days in the PLT group (P = 0.72).
Conclusion: In our experience, BAT seems suitable and shows outcomes similar to those of PLT for sarcoma metastasis
resection. The BAT procedure allows the manual exploration of both lungs during a single surgical intervention, and so
reduces the delay of further therapies.Background
The general survival rate of children diagnosed with sar-
coma has dramatically improved in recent decades, and
now a 5-year survival rate of 80% is found for osteosar-
coma [1]. However, the prognosis for patients with lung
metastasis after sarcoma has remained mixed, with a 5-
year survival rate varying from 30% to 40% [2,3]. Patient
care consists of combined treatment with chemother-
apies and multiple recurring lung resections [4].
The recommended surgical approach has been to allow a
manual palpation of the pulmonary parenchyma and sub-
sequent possible surgery [2,5-7]. Classic, two-stage thora-
cotomies were required to resect lung metastasis, with a
variable delay of 2 to 4 weeks between the two procedures.
In the longer scenario, adjuvant therapies were then post-
poned for a further month. For these reasons, one-stage* Correspondence: jean-marc.joseph@chuv.ch
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unless otherwise stated.procedures such as median sternotomy [8] or bilateral
simultaneous thoracotomy [9] have been proposed, but we
found no data concerning bilateral anterior thoracotomy
(BAT) for this indication in the relevant pediatric literature.
The aim of our study, via the review of cases of our
institution, was to determine the postoperative outcomes
for children treated by using BAT for lung metastasis after
sarcomas.
Methods
The research protocol was accepted by the Ethical
Committee on Human Research of the Canton de Vaud
(# 212/13, May 10, 2013). Written informed consent was
obtained from the patient’s guardian/parent/for the publi-
cation of this report and any accompanying images.
Patients
Data from 2000 through 2011 were collected retrospec-
tively. Files were reviewed for patients younger than
18 years old who had been operated on for lungtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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static sarcoma were included in the study. Patient descrip-
tions are shown in Table 1. All children were treated
according to current protocols and received preoperative
chemotherapy regardless of the type of the tumor. We
then compared outcomes by using BAT against those
using classic unilateral posterolateral thoracotomies (PLTs)
for the same indication. All patients who required an
exploration of both lungs had BAT, whereas PLT was
performed only when the metastases were unilateral. No
patient underwent sequential PLT for this indication,
according to our team protocol.
In all cases, the primary tumor was completely resected
(R0). Patients with either initial or relapsed metastases
were monitored, and metastasectomy was considered if
metastases were not responding to chemotherapy.
Diagnostic process and follow-up
A multiple-slice chest computed tomography (CT) scan
was carried out as an initial workup, and analyzed by a
senior radiologist. We compared the number of pre-
operative metastases with intraoperative findings. In all
cases, a checkup scan was performed 3 months after the
surgical procedure.
Surgical technique
The clamshell incision required a "W" curvilinear bilateral
submammary incision, extending from one midaxillary
line to the opposite one in the anatomic skin and rib
groove. The skin incision is carried down to the superficial
pectoral fascia overlying the pectoralis major muscles, the
sternum, and the fascia overlying the serratus anterior
muscles at the lateral ends of the wound. The pectoralis
major muscle is separated from its inferior and medial
attachments and lifted up with its overlying skin and
soft tissues.
The pectoral muscles are elevated to gain access to the
fifth intercostal space bilaterally, whereupon the chest is
entered, and the incision completed toward the sternum
bilaterally. The division of the intercostal muscles con-
tinues laterally and posteriorly to maximize rib spreading.
The internal mammary vessels are isolated, tied with aTable 1 Patient descriptions
Age at diagnosis (year) Gender Histology
1 1.6 M Undifferentiated sarcoma
2 4.5 F Rhabdomyosarcoma
3 15.4 F Osteosarcoma
4 14.9 M Osteosarcoma
5 12.5 F Osteosarcoma
6 13.6 M Osteosarcoma
7 9.8 M Ewing sarcomaVicryl 3-0 absorbable suture and sectioned. The sternum
is divided transversally at the level of the fifth intercostal
space with an oscillating saw.
At the end of the operation, bilateral pleural drainage
is placed. The wound is closed with pericostal stitches.
The sternum is repaired with two heavy metallic sutures.
Muscles and subcutaneous tissues are closed in layers
Statistics
All data are expressed as mean ± SD. We used the Student
t test to compare the continuous variables within groups.
Two-tailed P < 0.05 was considered statistically significant.
The analysis was performed by using Prism (2013 Graph-
Pad Software, Inc.).
Results
Patients
Seven BAT procedures were performed on five patients
(two patients had repeated operations), with a mean age
at surgery of 12.9 ± 5.4 years (Table 1). Four patients,
with a mean age of 17.4 ± 1.9 years, underwent 10 unila-
teral thoracotomies. Two patients underwent both BAT
and subsequent PLT. All patients underwent multiple
wedge resections. One child in the PLT group underwent
a right superior lobectomy. The mean number of no-
dules detected at CT scan, across both groups, was 3.47
± 3.9 nodules per patient, and the number of resected
nodules was 3.52 ± 3 nodules per patient (P = 0.48).
In four procedures of 17, a histologic analysis found no
viable tumoral tissue and only scars. In the other patients,
the metastases were still viable, despite preoperative treat-
ments. In the BATgroup, five patients of seven had bilateral
nodules on CT (7 ± 6 nodules per patients), which were
confirmed by the operative and histologic findings (6.6 ± 4
nodules per patient).
Concerning the two remaining patients with preopera-
tive unilateral metastasis (one and three nodules), we
decided to explore both lungs, because of their personal
history of previous bilateral metastasis (and previous
BAT). In one case, bilateral metastases were diagnosed
and resected (one nodule on CT scan and three during the
procedure) (Table 2).Localization LM initial/relapses PL thoracotomy BAT
Hallux Relapse 0 1
Abdominal Initial 0 1
Femur Initial 1 1
Femur Relapse 4 2
Femur Relapse 0 2
Femur Initial 2 0
Rib Relapse 3 0
Table 2 Surgical considerations and outcome
Thoracotomy BAT
Number of procedures 10 7
Age at surgery (years) 17.4 ± 1.9 12.9 ± 5.4
Operating time (minutes) 145 ± 39 173 ± 37 NS
Length of peridural
anesthesia (hours)
3.2 ± 1.4 3.8 ± 1.3 NS
Chest-tube removal 3 ± 1.2 3.6 ± 1.3 NS
ICU stay (days) 3.2 ± 3.5 4.6 ± 1.1 NS
Total hospital stay (days) 7.1 ± 1.2 7.7 ± 6.6 NS
Time to initiation of
chemotherapy (days)
18.5 21.5
Figure 1 A 15 year old girl who underwent two bilateral
anterior thoracotomy for metastasis resection: appreciate the
curvilinear bilateral submammary incision.
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Mean operating time was 173 ± 37 minutes in the BAT
group and 145 ± 39 minutes in the PLT group (P = 0.19).
In all cases, patients received epidural analgesia, accor-
ding to our hospital protocol, for a mean time of 3.8 ±
1.3 days in the BAT group and 3.21 ± 4 days in the PLT
group (P = 0.36). Chest tubes were removed after 3.6 ±
1.3 days in the BAT group and 3 ± 1.2 days in the PLT
group (P = 0.69).
Mean stay in the intensive care unit (ICU) was 4.6 ±
1.1 days in the BAT group and 3.2 ± 3.5 days in the PLT
group (P = 0.07). Total hospital stay was 7.7 ± 6.6 days in
the BATgroup and 7 ± 1.2 days in the PLT group (P = 0.72).
No intraoperative complications were noticed; how-
ever, six postoperative complications were observed: two
in the BAT group and four in the PLT group (four per-
sistent air leaks, one pleural effusion, one lung infection;
all were considered Grade 2 according to the Clavien-
Dindo Classification of Surgical Complications [10]). No
postoperative deaths occurred.
According to institutional protocols, postoperative chemo-
therapy was required after five of the lung resections. It
was decided to monitor the others, as they had already
followed up several regimens and/or previously experi-
enced major complications from chemotherapy. The
delays between surgical procedures and further treatment
were 13, 30, and 40 days (due to postoperative pneumo-
nia) in the BAT group and 21 days in the PLT group. No
data of residual and chronic pain secondary to BAT or
PLT were retrieved from the clinical data.
The mean follow-up was 5.1 ± 3.4 years. Of the seven
patients treated, three survived, but two of these had
relapses.
Discussion
In the pediatric population, surgical resection of lung
metastasis has been shown to improve survival in numer-
ous malignancies, including sarcomas [2,6]. In cases of
bilateral lung nodules, the classic approach was to con-
sider sequential unilateral thoracotomies, with a variabledelay of 2 to 3 weeks between procedures. Thanks to the
experience of thoracic surgeons, an alternative treat-
ment was proposed to avoid two consecutive anesthe-
sias and the consequent risks of thoracic surgery, as
well as to shorten the delay before administration of
adjuvant chemotherapy, when required. This treatment
included bilateral simultaneous thoracotomy or median
sternotomy [8,9,11]. However, no reports exist on expe-
riences with BAT in children or adolescents with this
indication. Our present study supports BAT as a safe
and useful approach for bilateral lung metastasis.
In recent decades, specialists have debated different
surgical approaches to cases of bilateral lung metastasis,
but no consensus has been reached. It was hypothesized
that a one-stage approach could lead to better outcomes,
as it avoids a second procedure (including anesthetic
risks) and reduces the delay before administration of
adjuvant chemotherapy. This one-stage approach has
been reported in the pediatric population [8,9,11].
Median sternotomy was initially described for adults
with this indication. The limitations of this approach were
the suboptimal exposure of the left lower lobe and the
postoperative recovery. In pediatric cases, mobilization of
the left lower lobe often results in hemodynamic or venti-
lation problems, as Fuchs et al. described [11]. However,
conversely, Tsai et al. [8] reported a better exploration of
the left lower lobe, without recurrence of metastasis in this
area. Our study revealed that BAT offers good access to
both lungs, avoids certain physiopathologic inconve-
niences, and does not require a change of the patient’s
position during surgery, as it does during bilateral simul-
taneous PLT. The wide access to pulmonary parenchymas
on both lungs during this procedure permits the accurate
inspection and palpation that is essential in open surgery,
including the upper lobes. We decided to perform a PLT
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only one metastasis was discovered on the preoperative
workup. Nevertheless, BAT allows a perfect access to the
upper lobes but was not indicated in this particular case.
As with median sternotomy, we found that the operating
time was 30 min longer than in unilateral PLT, but both
sides were explored in the same procedure.
The postoperative course showed that complication
rates, the amount of painkillers needed, and the time with
a chest tube in place were all similar. Patients were dis-
charged within 7 days of surgery regardless of the surgical
approach, with a real trend toward a reduced hospital stay
in both groups. Moreover, the esthetic outcome was also
good (Figure 1), even in the cases with multiple BAT (two
cases), and no sternal disruption was noticed.
Minimally invasive surgical approaches are uniformly
considered not indicated in a curative goal [12], and
should be reserved for classic biopsy, diagnosis, and
staging. Gossot et al. [13] recently described criteria to
determine which patients could benefit from thoracoscopy
rather than an open approach to treating sarcoma
relapses. They concluded that this controversial approach
should be considered in cases of “two or fewer nodules,
and subpleural nodules that are suitable for a thoraco-
scopic resection, which means that free margins can be
obtained”. This was based on their experience with adults,
but as yet, no confirmed data exist for drawing these
conclusions in pediatric patients. Promising results were
recently obtained with lung nodules localized by CT scan
before thoracoscopic resection [14]. However, the absence
of indications for mini-invasive approaches for sarcomas
in children has been suggested by the results of a French
multicenter study [5].
Classic management of open surgery focused on im-
proving survival rates by resecting all metastases. This was
based on the discrepancy between the number of metasta-
ses detected by CT scan and the number of palpated and
thus resected ones [7,15]. This difference has become scar-
cer in more recent reports, probably because of the
increased precision of thoracic CT scans. Although it is
too early to reconsider the use of thoracoscopy as part of
the therapeutic management possibilities for lung metas-
tasis in children, further investigations and clinical trials
must estimate whether this technique has a future.
Our study has some limitations. First, it has the usual
drawbacks of retrospective studies of rare pathologies in
children. Our experience is limited (seven clamshell inci-
sions), and the groups are rather heterogeneous. However,
all procedures were performed by the same experienced
surgical team, whose know-how in pediatric surgical
oncology had defined its management for the last 10 years
in our instititution.
Second, the group monitored may be a concern. Be-
cause of the decision to perform BAT for this indication,we have no experience of simultaneous bilateral or
sequential PLT, or of sternotomy. We are therefore not
able to discuss precisely the different technical aspects
of the other procedures.
Third, the main concern about BAT is potential morbid-
ity. Our study found no more complications than in the
PLT group monitored, even in repeated thoracotomies.
Furthermore, pain management was exactly the same
across the study, including epidurals for all patients when
the pleural tubes were placed and then oral analgesia on
their removal. In our study, the patients operated on with
BAT did not experience more pain than the PLT group,
according to the duration and level of required painkillers.
None of the patients required oxygen supply to aid with
lung function after surgery, even after the removal of the
epidural catheter. No reported clinical data on exercise
lung function was found in the literature concerning chil-
dren. As previously described [9], we wanted to highlight
that BAT is a suitable approach for treating bilateral me-
tastasis in children.
Conclusion
From our study, we conclude that bilateral anterior ster-
nothoracotomy (clamshell incision) is a suitable option for
the management of lung sarcoma metastasis in children
and adolescents. It allows a single operation to explore
both lungs accurately, resect secondary lesions, and poten-
tially reduce delays in the administration of adjuvant
chemotherapy when required. Moreover, the postoperative
courses were similar to those for classic posterolateral
thoracotomies.
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